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Abstract. Antibodies against he main proteins in hepatic 
gap junctions - connexin-26 and connexin-32 - have 
been used in conjunction with high-resolution patch- 
clamp techniques to investigate whether a relation exists 
between connexin type and conductance of single gap- 
junctional channels. Two different cell lines, BRL cells, 
derived from rat liver, and FL cells a human amniotic 
cell line exhibited the same single-channel conductances 
in double whole-cell recordings, but reacted differently 
upon dialysis with antibodies. Preliminary results indicate 
that both cell lines express mainly connexin-43. Thus, in 
spite of the inhibitory action of anti-cx26 and anti-cx32 
antibodies observed, the data question the reliability of 
these antibodies for the functional characterization of
gap-junction proteins in electrophysiological experi- 
ments. 
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Introduction 
Gap-junction channels mediate direct intercellular com- 
munication i  many developing and differentiated organs 
and tissues (for review see monographs edited by 
DeMello [4]; and Robards et al. [16]). The structure and 
function of these channels can be studied with cultured 
cells, where ionic and metabolic oupling can be mea- 
sured under controlled conditions. The structure of gap 
junction channels has been investigated with biochemical 
and biophysical methods, and the results indicate that a 
hemichannel (connexon) consists of six protein subunits 
[23], the so-called connexins [2]. A fully operational gap- 
junction channel is formed when two connexons of ad- 
jacent cells are linked together. Molecular analyses and 
determination f amino acid sequences revealed the exis- 
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tence of several types of connexin proteins, which all 
contain four putative membrane-spanning domains, 
forming two outer and one inner loops with both amino 
and carboxyl terminus at the cytoplasmic side, as was 
first described for the connexin protein cx32 [26]. 
In liver mainly two proteins, cx26 and cx32, were 
isolated from gap junctions [25], whereas heart cells are 
characterized by another type, connexin cx43 [1], which 
is also present in some cultured fibroblast lines [25]. Both 
cx26 and cx43 share sequence homology with the "refer- 
ence protein" cx32 and are considered as members of a 
common connexin gene family [25]. However, in liver and 
hearts as well as in many other cells a 16-kDa protein 
was co-isolated from gap junctions [6, 7] that has no 
homology to cx32 and is, therefore, not termed 
"connexin". 
Antibodies raised against connexins have mainly been 
used as biochemical probes to identify gap-junction pro- 
teins in Western blots of membrane proteins from differ- 
ent tissues (for review see [25]). Some of these antibodies 
have also been used for the investigation of connexin 
functions, since they block junctional transfer of fluor- 
escent dyes when injected into a cell [8, 24]. Antibodies 
directed against cx32 block dye spreading in the rat liver 
cell line BRL and the human amniotic ell line FL, as has 
been shown by Br/immer [3]. 
Using the double whole-cell recording technique [11], 
we were able to record and analyse currents through 
single gap-junction channels between BRL as well as FL 
cell pairs. The wide tip diameter of patch pipettes permits 
an exchange of pipette medium against cytoplasmic com- 
pounds by diffusion [10, 15], we, therefore, also dialysed 
the cells with antibodies directed against connexins while 
simultaneously recording their junctional conductance. 
From these experiments we expected some evidence of 
whether gap-junction channels are assembled from a 
single connexin type and whether such homomeric chan- 
nels would exhibit unitary conductances that are charac- 
teristic for the different connexins, as has been proposed 
by Eghbali et al. [5] or Rook et al. [18]. The antibody 
reaction, however, appeared to be rather non-specific and 
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did not al low a correlat ion between connexin type and 
the conductance l vels of  gap- junct ion channels. 
Materials and methods 
Cell culture. Two permanently growing cell lines have been used for 
our investigations: BRL (ATCC CRL1442) epithelioid rat liver cells, 
and FL (ATCC CCL62) epithelioid cells derived from human amni- 
otic membrane. Both cell lines were cultivated as monolayers in 
Dulbecco's modified Eagle's medium (Bioehrom KG, Berlin, FRG) 
supplemented with 3.7 g/1 NaHCO3, 100 mg/1 streptomycin sul- 
phate, 150 rag/1 penicillin G, and 10% fetal calf serum at pH 7.4 
and 37~ in a humidified incubator with an 8% COa/air mixture. 
For the preparation ofcell pairs, the culture medium was decanted 
and the cells were rinsed with phosphate-buffered saline (PBS) to 
remove serum components. After addition of 1 ml ice-cold trypsin 
(0.25% in PBS, calcium- and magnesium-free) to the dish, the cells 
were incubated for about 0.5-1 min at 37~ Trypsinization was 
stopped by adding 2.5 ml culture medium containing 10% serum 
and the cells were dissociated by gentle agitation with a pasteur 
pipette. This suspension was allowed to settle on glass cover slips 
(14 mm diameter). After 10 min at 37~ when about 80% of the 
cells had attached to the glass, a cover slip was removed from the 
culture dish, rinsed with PBS or extracellular saline (130 mM NaC1, 
5.4mM KC1, 1.4raM CaC12, 0.5 mM MgClz, 10mM Hepes/ 
NaOH, pH 7.3) and transferred into an experimental chamber con- 
taining extracellular saline as bath medium, 
Measurement of ionic coupling. Gap-junctional coupling was mea- 
sured with the double whole-cell patch-clamp procedure [11]. Pip- 
ettes were pulled from soft glass microcapillaries (CeeBee 
hematocrit, Chr. Bardram, Svendborg, Denmark) in two steps to a 
final resistance of 2 -5  M~ when filled with intracellutar solutions. 
The pipettes were fire-polished and used without Sylgard coating. 
Pipettes were back-filled with physiological intracellular saline 
(140 mM KC1, 5 mM EGTA/KOH, 10 mM Hepes/KOH, pH 7.3, 
pCa > 8 [1 t]). To reduce the rundown of transjunctional conduc- 
tance during antibody perfusion we adopted the procedure of 
Somogyi and Kolb [21] and added ATP and dibutyryl-cAMP to the 
saline (140 mM KC1, 5 mM ATP, I mM dibutyryl-cAMP, 5mM 
EGTA/KOH, 10 mM Hepes/KOH). All solutions were filtered 
through a 0.2-~tm embrane filter to prevent clogging. For current 
recordings two List EPC-7 patch-damp amplifiers (List Electronics, 
Darmstadt, FRG) were used. Pipettes were placed into holders at 
the amplifier headstages and a positive pressure was applied to the 
pipette interior esulting in an effiux of pipette contents. Immedi- 
ately after the dual whole-cell mode was established, the time count 
of the experiment was started (t = 0) and the initial conductance 
g(to) was used as a 100% reference to characterize the decay of 
junctional coupling. During the experiment the cells were observed 
through a Leitz Fluovert inverted microscope supplied with phase- 
contrast and epifluorescence equipment. 
Junctional coupling was tested throughout the experimental ime 
course by injecting 0.02-Hz square pulses of 10 mV or 25 mV into 
one cell and measuring the resulting current in the other cell. The 
current recordings from both cells were monitored with a two- 
channel digital storage oscilloscope (Nicollett 3091, Nicollett Instru- 
mentation Company, Madison, Wis.). From these data the junc- 
tional conductance was determined according to the formula given 
by Rook et al. [17]. The time course of uncoupling was determined 
by scaling the conductance ateach time point g(t) by the initial value 
g(to). These normalized conductanees of several experiments were 
averaged and time constants were calculated from the averaged 
records by least-squares fitting to single-exponential decay functions 
using standard techniques [14]. Current fluctuations through single 
gap-junction channels were recorded in voltage-clamped cell pairs 
as described by Neyton and Trautmann [11]. The data were low- 
pass-filtered at 0.25 kHz and stored on video tape, from which 
stretches of 1 - 10 rain were played back and sampled to the hard 
disk of an IBM-AT microcomputer for further processing. For 
both mirrored current races of a single.channel r cord, amplitude 
distributions were calculated [20], from which channel current steps 
can be derived. For data analysis we used programs that were 
developed in our laboratory following standard techniques for 
single-channel analysis [12, 19] and tailored to suit the needs of 
double whole-cell measurements. These programs were originally 
adopted from McCann et al. [12] and run within ASYST, a data 
acquisition and analysis package for the IBM PC. Current/voltage 
diagrams were constructed using the data from amplitude histo- 
grams and direct inspection of the records of several experiments 
(two to five experiments) at different transjunctional voltages. Mean 
channel conductances were derived from the slope of the current/ 
voltage relation determined by linear regression analysis. 
Antibody injection, Two different antibodies were used: an affinity- 
purified polyclonal antibody directed against cx26 [22] and a mono- 
clonal anti-cx32 antibody [9] with the respective preimmune serum 
for control experiments. All antibodies were diluted to a concen- 
tration of 0.4 mg/ml in pipette saline. For antibody experiments 
pipettes were filled by dipping their tips into a droplet on intracellu- 
lar saline and applying suction at its back end, so that less than 
0.5 gl liquid was drawn into the tip. Then 0.5 gl antibody solution 
was overlayed from the rear end with a Hamilton syringe and, 
finally, the pipette was back-filled completely with the respective 
intracellular saline. This procedure was necessary because otherwise 
binding of antibody to the pipette tip will interfere with seal forma- 
tion. To determine the time interval for the antibody diffusion into 
the cell, we used fluorescein-isothiocyanate(-FITC)-labelled IgG 
[goat anti-(rat IgG), Sigma F 6258, Sigma, St. Louis, USA] and 
monitored the spread of FITC fluorescence into the cell, 
Measurement ofdye transfer. For dye-spreading experiments about 
1 gl Lucifer yellow was overlayed instead of antibody solution (4% 
Lucifer yellow CH, Sigma, in 1 M LiC1 solution). The dye was 
allowed to diffuse into the cell without any additional driving force 
(e,g. pressure injection or iontophoretic transfer). For fuorescence 
experiments he microscope was equipped with appropriate filter 
sets (N2 and E3 filter cartridges). All experiments were carried out 
at room temperature. 
Results 
Spontaneous loss of gap-junctional conductance 
With  our preparat ion,  a sufficient number  of  isolated cell 
pairs was obtained, which were adherent  o but  not  yet 
spreading on the glass surface. These rounded cells were 
ideally suited for whole-cell  measurements because of  
their increased input and cell-to-cell resistance and im- 
proved noise characterist ics as compared  to monolayer  
cells. The typical non- junct ional  membrane resistance 
( input resistance) of  a single cell was 4.1 + 2.6 Gf~ (n = 
11) for BRL  and 3.6__ 3.0 Gf~ (n = 10) for FL  cells 
(mean _+ standard eviation). Init ial ly, after establ ishing 
the double whole-cell  conf igurat ion,  most  of  the FL  and 
BRL  cell pairs had cell-to-cell conductances g(to) between 
18 nS and 80 nS (corresponding to cell-to-cell resistances 
of  55.5 Mf~ and 1.25 Mf]  respectively). Whole-cel l  re- 
cording always leads to a di lut ion of  the cytosol  with 
pipette medium (cell dialysis, [10, 15]), and this often 
results in unwanted side-effects uch as "run down"  of  
channel kinetics. Under  these experimental  condit ions 
(electrodes filled with intracel lular saline only) gap-junc- 
t ional conductance spontaneously  decreased ur ing the 
exper iment unti l  f inally the cells became electrically un- 
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Fig. 1. Current records during spontaneous gap-junctional 
uncoupling in BRL cell pairs. The upper trace represents he cell, 
which was clamped to - 15 mV and where square pulses of 0.02 Hz 
and 10 mV amplitude were applied to the pipette. The lower trace 
represents the neighbouring ceil, which was held at a constant volt- 
age of - 5 inV. The arrows indicate gain switching at the amplifier 
until finally single-channel fluctuations were resolved. Scale valid 
until first arrow 
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Fig. 3. Curent fluctuations through single gap-junction channels at 
the end of spontaneous ncoupling in a BRL cell pair. Upper trace: 
current recording from the cell clamped to -5  mV; lower trace: 
current recording from the cell clamped to -35 inV. Transcellular 
voltage was 30 mV, both traces were low-pass-filtered at 0.25 kHz 
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Fig. 2. Time course of the decrease injunctional conductance during 
spontaneous ncoupling in(a) BRL and (b) FL cell pairs. Junctional 
conductance g(t) was normalized to its initial value g(to) and aver- 
aged over 25 experiments for BRL and 17 experiments for FL 
cells. A, Ensemble mean plus standard eviation; - - ,  fitted 
exponential decay curve (see also Table 1) 
coupled as demonstrated in Fig. 1 for BRL cells. The 
time course of these uncoupling processes i  best fitted 
by exponential decay functions as is shown in Fig. 2, 
where the junctional conductance g(t) was normalized to 
g(to) and averaged over several experiments. The fitted 
time constants for this "spontaneous uncoupling" were 
11 rain (n = 25) for BRL and 23 min (n = 17) for FL 
cells as determined by least-squares timation. 
About 30-  40 rain after starting the experiment, when 
the junctional conductance had decreased to about 
200 pS, discrete current fluctuations could be resolved in 
both cell lines (Fig. 1), which are attributed to the opening 
and closing of single gap-junction channels. They appear 
as mirrored deflections in the current records from both 
cells (Fig. 3). These current fluctuations were usually ob- 
served for several minutes until the cells finally completely 
uncoupled. Within the limit of resolution, both BRL 
and FL cells revealed identical patterns of single channel 
conductances. From the current/voltage r lations of the 
main current steps, single-channel conductances of about 
60 pS and 90 pS have been computed from the records 
(Figs. 4, 5). 
Antibody perfusion during spontaneous uncoupling 
To test whether these two current steps originate from 
different ypes of connexons, we perfused the cells with 
antibodies directed against cx26 and cx32 proteins and 
measured the rate of uncoupling under these conditions. 
For this purpose, the antibodies were added to the patch 
pipette solution and allowed to diffuse into the cell. To 
verify antibody perfusion and to estimate the diffusion 
rate of antibody from the patch pipette into a cell, we 
used FITC-labelled IgG as a probe and monitored the 
spread of fluorescence from the pipette in a separate set of 
experiments (n = 19). To avoid bleaching, fluorescence in 
the cytoplasm of the perfused cells was tested at about 
3-rain intervals and appeared 6 -  9 rain after establishing 
the whole-cell mode, indicating the presence of antibody 
inside the cells. This time varies mainly with the volume 
of antibody-free saline remaining in the pipette tip and 
is, therefore, longer than the time constants of 0 .5 -  
1.5 min, which may be calculated after the data given by 
Pusch and Neher [15] for IgG. In any case, this is shorter 
than the observed time constants of antibody-induced 
uncoupling. The results of experiments with preimmune 
serum in BRL cells and with antibody in BRL and FL 
cells are summarized in Table 1. The variability within 
one measurement i creased with the presence of antibody 
in the pipette and the statistical ensemble variance in- 
creased with regard to control experiments since - be- 
cause of the limited amount of antibody - only a few 
successful measurements could be performed (usually 4 -  
10 versus 17 - 25 control measurements). 
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Fig. 4. Amplitude histograms from current records of (a) BRL and 
(b) FL cell pairs after spontaneous ncoupling. Both records were 
low-pass-filtered at 0.25 kHz; transjunctional voltage was 20 mV. 
Histograms correspond to data sets of (a) 70 s (b) 45 s sampled at a 
rate of 700 samples/s. The histograms were calculated using a bin 
width of 0.03 pA/bin and smoothed by a median filter for display. 
Peaks in a were detected at 0.6 pA (--- 30 pS, not included in Fig. 5), 
1.8 pA (-=90 pS), 3 pA (AI = 1.2 pA -60 pS) etc. In b similar 
current peaks can be seen 
Antibody perfusion during retardation of uncoupling 
The high rate of "normal" uncoupling can be overcome 
by applying the procedure described by Somogyi and 
Kolb [2]], who stabilized junctional conductance by 
adding 5 mM ATP and 1 mM dibutyryl-cAMP to the 
pipette medium. This supplemented intracellular saline, 
slowed down electrical uncoupling for a sufficiently long 
recording period, increasing the time constants from 
11 min to 104 min for BRL and from 23 min to 67 min 
for FL cells (see Fig. 6a and b, and Table 1). 
Repeating the antibody-perfusion experiments with 
ATP/dibutyryl-cAMP-supplemented intracellular saline 
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Fig. 5. Current/voltage r lation of the two main current steps ob- 
served in single-channel r cording from gap-junctional channels in 
(a) BRL and (b) FL cell pairs. The slopes of the curves correspond 
to conductances (mean +_ standard eviation) of 60 4- 3.5 pS (*) 
and 95 + 8.5 pS (11) for BRL and of 63 + 4 pS (*) and 91 _+ 6 pS 
(m) for FL cells respectively. In individual experiments larger and 
smaller conductance steps were distinguished and both groups were 
averaged irrespective of the absolute conductance l vels 
clearly revealed a junctional blocking capacity of the 
antibodies. BRL cells were affected by both anti-cx26 
and anti-cx32 antibodies (Fig. 7a), whereas the effect of 
preimmune serum was not different from control mea- 
surements (Fig. 8). FL cells showed an accelerated 
uncoupling only for the cx26 antibodies (Fig. 7b). The 
results of these experiments are also summarized in  
Table ]. The question whether the antibodies altered the 
single-channel properties is difficult to answer since the 
antibody treatment resulted in a considerable pertur- 
bation of the membrane properties. Usually, cell input 
resistances decreased and noise increased so that - ex- 
cept for one experiment (Fig. 9) -- single-channel vents 
could no longer be resolved. This experiment, however, 
did not show any significant differences in single-channel 
behaviour, when compared with an experiment with 
spontaneous uncoupling (Fig. 3). 
To illustrate the uncoupling effect of antibody by inhi- 
bition of dye spreading, we performed experiments with 
three attached cells using the same experimental set-up. 
Figure 10 shows one of those experiments with BRL cells, 
where cell 1 was perfused with anti-cx32 until total electri- 
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Table 1. Time constants of junctional uncoupling during perfusion with antibody in intracellular saline (IS: spontaneous) and IS supplemented 
with ATP + dibutyryl-cAMP (ISATe: stabilized) 
Perfusate BRL cells FL cells 
Time constant ( 9 Number of experiments Time constant (min) Number of experiments 
Spontaneous:  IS saline 11 25 23 17 
+ pre immune serum 11 10 - 
+ anti-cx26 14 4 14 3 
+ anti-cx32 15 7 20 4 
Stabilized: IS 9 saline 104 9 67 3 
+ pre immune serum 93 14 -- 
+ anti-cx26 12 10 14 5 
+ anti-cx32 11 5 53 4 
Est imated t ime constants  
for IgG, according to [15] 0.5 - 1.5 0.6 - 1.6 
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Fig. 6. Time course of junctional uncoupling in (a) BRL and (b) FL 
cell pairs with normal (intracellular saline, A) and stabilizing pipette 
solution (intracellular saline + ATP + dibutyryl-cAMP, 9  Ad- 
dition of 5 mM ATP and 1 mM dibutyryl-cAMP to the pipette saline 
markedly reduces the rate of junctional uncoupling 
cal uncoupl ing between cells 1 and 2 was observed. Dur- 
ing the uncoupl ing period, Lucifer yellow was retained in 
the pipette by a positive holding potential, which was 
then released and the dye spread into the cells. After 
15  9  the dye was only present in cells I and 3, indicating 
a successful blockage of  junctional coupling in cell 2, 
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Fig. 7. Time course of junctional uncoupling during antibody per- 
fusion with stabilizing (ISATp) pipette solution in (a) BRL and 0~) 
FL cell pairs. Control (ISATp, 9  anti-cx26 ( i ) ,  anti-cx32 (O). 
Anti-cx26 blocks junctional conductance in both BRL and FL cells. 
In FL cells no significant difference in the time course of junctional 
uncoupling can be seen with anti-cx32 when compared with control 
measurements. Time constants derived from these measurements 
are summarized in Table l 
which was dialysed from a patch electrode with antibody. 
These experiments were carried out for anti-cx32 in both 
BRL  and FL  cells. In BRL  cells dye spreading was 
suppressed in nine out of  ten, in FL  cells in all seven 
experiments. 
92 
"N 
"N 
o .8  
S 
0.6. 
7 
8 
0.4- 
N 
0.2 
8 
0.0., 
~A 
,i. A 
i ,  9 A 
1; 2'o 3'o 20 s'o 6'o 
lime / min 
Fig. 8. Time course of junctional uncoupling in BRL cells with 
preimmune serum in ISAvp (~). No difference from control measure- 
ments (ISATp, A), can be seen 
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Fig. 9. Single-channel r cordings at the end of anti-cx32-antibody- 
mediated uncoupling in BRL cell pairs. Upper two traces: current 
recordings during junctional uncoupling; arrow indicates gain 
switching, scale only valid until arrow. Lower trace: high-resolution 
current recording showing single-channel fluctuations; transcellular 
voltage was 60 mV 
Discussion 
In the present experiments he effect of two antibodies 
directed against connexins cx26 and cx32 was investigated 
on the rate of gap-junctional uncoupling in two cell lines, 
BRL and FL. Gap-junction channels of both cell lines 
exhibited amixed pattern of single-channel conductances 
with conductance peaks around 60 pS and 90 pS, as ob- 
served at the end of the spontaneous ncoupling process. 
Similar observations with different conductance l vels 
were reported for other cell lines (e.g. [11, 13, 17, 18, 21]). 
Despite their similar conductance l vels, we observed, 
however, that the two antibodies had a different effect in 
both cell lines. In Buffalo rat liver cells antibodies against 
the main liver gap,junction proteins, anti-cx26 and anti- 
cx32, blocked gap-junctional conductance; in FL cells, 
however, only the anti-cx26 antibody accelerated junc- 
tional uncoupling. 
This observation raises a number of questions, such 
as do these antibodies pecifically bind to and block 
connexin channels in viable cells? Which connexin types 
are present in the cell lines investigated? And which 
nonspecific effects could be involved? In the ideal case 
the first question could have been answered if each anti- 
body had eliminated one of the single-channel conduc- 
Fig. 10. Anti-cx-32-induced junctional uncoupling in BRL cells, 
demonstrated bya block of Lucifer yellow spreading: a Phase- 
contrast image; b fluorescence image; c descriptive sketch of the 
experimental situation. Antibody was perfused into cell I from patch 
pipette (-k) until cells 1 and 2 were electrically uncoupled. Lucifer 
yellow was then perfused from patch pipette (*) in o cell 2 from 
where it spread only into cell 3, which served as an untreated control 
tance levels observed so that at the end of an uncoupling 
experiment only the complementary conductance l vel 
prevailed. This, however, was not observed mainly be- 
cause application of antibody greatly increased the noise 
level so that single-channel vents could no longer be 
disclosed, A direct correlation between connexin type and 
channel conductance is, therefore, not possible. 
The second question regards the molecular type of 
the connexin proteins present in BRL and FL cell lines, 
Unfortunately, this information is not available at pre- 
sent, However, preliminary Western blot experiments 
from our and from another laboratory (R. Rottler, R. 
Eckert, and D. F. Hiilser, unpublished results; D. Prowse 
and J. Pitts, personal communication) indicate the pres- 
ence of cx43 in both BRL and FL cells and do not exclude 
the presence of a 16-kDa protein in BRL cells. If this 
finding could be further confirmed, it would suggest that 
the antibodies were not specific at all but exert some 
cross-reactivity with the cx43 antigen and/or cytosolic 
components hat interfere with opening or closing of gap- 
junction channels. 
The dye-coupling experiments, on the other hand, of- 
fer an alternative interpretation. BRL was the first estab- 
fished cell line where a gap-junction-associated protein 
of  16 kDa was found [6], and where antibodies against 
16-kDa protein f rom chicken liver caused a functional 
reaction - the inhibition of  dye spreading into or out 
of  a cell injected with this antibody. This was shown 
independently by F inbow et al. [6] and by Brfimmer [3]. 
In addition in FL  cells dye spreading was also blocked 
by this anti-16-kDa nt ibody [3]. Since the connexin fam- 
ily and the 16-kDa protein are not homologous in their 
amino acid sequence [7] cross-reactivity of  the respective 
antibodies does not seem to be likely. Our results may 
then indicate that several different gap-junction-associ- 
ated proteins coexist within a functional gap-junction 
plaque and that in both BRL  and FL  cells the channels 
are assembled from a 16-kDa protein, with the connexins 
acting merely as associated regulatory elements. F rom 
the present evidence we are unable to decide whether this 
alternative has any likelihood. 
There is, however, a third possibility. Antibodies have 
been raised against purified and possibly denaturated 
proteins and are mainly used for the characterization of
gap-junction proteins in irnmunoblots or for probing of  
connexin distribution in immunohistochemistry, it is not 
astonishing, therefore, that antibodies injected into viable 
cells do not interact with gap-junction channels directly 
but possibly interfere with other unknown processes that 
indirectly lead to junctional uncoupling. 
In summary we conclude that these antibodies are not 
specific enough to identify the connexin structure of  gap- 
junction channels during functional studies on gap-junc- 
tion currents. 
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